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(54) Edge bead removal/spin rinse dry module 

(57) An apparatus for etching a substrate, com- 
prises a container (102), a substrate support (104) dis- 
posed in the container; a rotation actuator (120) 
attached to the substrate support; and a fluid delivery 
assembly (106) disposed in the container to deliver an 
etchant to a peripheral portion of a substrate (122) dis- 
posed on the substrate support. Preferably, the sub- 
strate support comprises a vacuum chuck (124) and the 
fluid delivery assembly comprises one or more nozzles 
(150). A method for etching a substrate Is also dis- 



closed, comprising, rotating a substrate positioned on a 
rotatable substrate support; and delivering an etchant to 
a peripheral portion of the substrate. Preferably, the 
substrate is rotated at between about 100 rpm and 
about 1000 rpm, and the etchant is delivered in a direc- 
tion that IS substantially tangent to the peripheral portion 
of the substrate at an incident angle between about 0 
degrees and about 45 degrees from a surface of sub- 
strate. 
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Description 

[0001] The present invention relates to an electro- 
chemical deposition or electroplating apparatus. More 
particularly, the invention relates to an apparatus for 
removing deposition from a peripheral portion of a sub- 
strate. 

[0002] Sub-quarter micron, multi-level metallization 
is one of the key technologies for the next generation of 
ultra large scale integration (ULSI). The multilevel inter- 
connects that lie at the heart of this technology require 
planarization of interconnect features fomied in high 
aspect ratio apertures, including contacts, vias, lines 
and other features. Reliable formation of these intercon- 
nect features Is very Important to the success of ULSI 
and to the continued effort to increase circuit density 
and quality on individual substrates and die. 
[0003] As circuit densities increase, the widths of 
vias. contacts and other features, as well as the dielec- 
tric materials between them, decrease to less than 250 
nanometers, whereas the thickness of the dielectric lay- 
ers remains substantially constant, with the result that 
the aspect ratios for the features, /.e., their height 
divided by width, increases. Many traditional deposition 
processes, such as physical vapor deposition (PVD) 
and chemical vapor deposition (CVD), have difficulty fill- 
ing structures where the aspect ratio exceed 4:1, and 
particularly where it exceeds 10:1. Therefore, there is a 
great amount of ongoing effort being directed at the for- 
mation of void-free, nanometer-sized features having 
high aspect ratios wherein the ratio of feature height to 
feature width can be 4:1 or higher Additionally, as the 
feature widths decrease, the device current remains 
constant or increases, which results in an increased 
current density in the feature. 

[0004] Elemental aluminum (Al) and its alloys have 
been the traditional metals used to form lines and plugs 
in semiconductor processing because of aluminum's 
perceived low electrical resistivity, its superior adhesion 
to silicon dioxide (Si02). its ease of patterning, and the 
ability to obtain it in a highly pure form. However, alumi- 
num has a higher electrical resistivity than other more 
conductive metals such as copper, and aluminum also 
can suffer from electromigration leading to the formation 
of voids in the conductor, 

[0005] Copper and its alloys have lower resistivfties 
than aluminum and significantly higher electromigration 
resistance as compared to aluminum. These character- 
istics are important for supporting the higher current 
densities experienced at high levels of integration and 
increase device speed. Copper also has good thermal 
conductivity and is available in a highly pure state. 
Therefore, copper is becoming a choice metal for filling 
sub-quarter micron, high aspect ratio interconnect fea- 
tures on semiconductor substrates. 
[0006] Despite the desirability of using copper for 
semiconductor device fabrrcation, choices of fabrication 
methods for depositing copper into very high aspect 



ratio features, such as a 4: 1 , having 0.35^i (or less) wide 
vias are limited. As a result of these process limitations, 
plating, which had previously been limited to the fabrica- 
tion of lines on circuit boards, is just now being used to 

5 fill vias and contacts on semiconductor devices. 

[0007] Metal electroplating is generally known and 
can be achieved by a variety of tecinniques. A typical 
method generally comprises physical vapor depositing 
a barrier layer over the feature surfaces, physical vapor 

10 depositing a conductive metal seed layer, preferably 
copper, over the barrier layer, and then electroplating a 
conductive metal over the seed layer to fill the struc- 
ture/feature. Finally, the deposited layers and the dielec- 
trk: layers are planarized, such as by chemical 

15 mechanical polishing (CMP), to define a conductive 
interconnect feature. 

[0008] Rgure 1 is a cross sectional view of a simpli- 
fied typical fountain plater 1 0 incorporating contact pins. 
Generally, the fountain plater 10 includes an electrolyte 
20 container 12 having a top opening, a substrate holder 
14 disposed above the electrolyte container 12, an 
anode 1 6 disposed at a bottom portion of the electrolyte 
container 12 and a contact ring 20 contacting the sub- 
strate 22. A plurality of grooves 24 are formed in the 
25 lower surface of the substrate holder 14. A vacuum 
pump (not shown) is coupled to the substrate holder 14 
and communicates with the grooves 24 to create a vac- 
uum condition capable of securing the substrate 22 to 
the substrate holder 14 during processing. The contact 
30 ring 20 comprises a plurality of metallic or semi-metallic 
contact pins 26 distributed about the peripheral portion 
of the substrate 22 to define a central substrate plating 
surface. The plurality of contact pins 26 extend radially 
inwardly over a narrow perimeter portion of the sub- 
as strata 22 and contact a conductive seed layer of the 
substrate 22 at the tips of the contact pins 26. A power 
supply (not shown) is attached to the pins 26 thereby 
providing an electrical bias to the substrate 22. The sub- 
strate 22 is positioned above the cylindrical electrolyte 
40 container 12 and electrolyte flow impinges perpendicu- 
larly on the substrate plating surface during operation of 
the cell 10. 

[0009] One particular problem encountered in cur- 
rent electroplating processes is that the edge of the 

45 seed layer receives an excess amount of deposition, 
typically referred to as an edge bead, during the electro- 
plating process. Figure 2 is a cross sectional view of an 
edge of an wafer 30 showing excess deposition 36 at 
the edge 32 of the seed layer 34. As shown in Figure 2, 

50 the wafer 30 has a seed layer 32 deposited thereon and 
an electroplated layer 38 electrochemically deposited 
over the seed layer 34. It has been observed that the 
edge 32 of the seed layer 34 receives a higher cun-ent 
density than the remainder of the seed layer 34, result- 

55 ing in a higher rate of deposition at the edge 32 of the 
seed layer 34. The mechanical stress at the edge 32 of 
the seed layer 34 is also higher than the remainder of 
the seed layer, causing the deposition at the edge of the 



2 



EP 1 067 591 A2 



seed layer to pull up and away from the edge of the 
wafer 30. The excess deposition 36 is typically removed 
by a CMP process. However, during the CMP process, 
the excess deposition 36 at the edge of the wafer typi- 
cally tears off from the edge of the seed layer and may 5 
damage the adjacent portion of the wafer. The broken 
off metal may also damage the devices formed on the 
wafer. Thus, the number of properly formed devices is 
decreased and the cost per device formed is increased. 
[0010] Therefore, there is a need for an apparatus w 
for removing the excess deposition at the edge of the 
wafer. Preferably, the apparatus removes the excess 
deposition at the edge of the wafer without damaging 
the devices formed on the wafer surface. It would be fur- 
ther desirable for the apparatus to be adaptable for per- is 
forming a wafer cleaning process after the excess 
deposition has been removed from the wafer, such as a 
spin-rinse-dry process. 

[0011] The invention generally provides an appara- 
tus and a method for removing deposition at the edge of 20 
a wafer. The apparatus according to the invention 
removes deposition at the edge of a wafer without dam- 
aging the devices fomied on the wafer surface. 
[0012] One aspect of the invention provides an 
apparatus for etching a substrate, comprising: a con- 25 
tainer; a substrate support disposed in the container; a 
rotation actuator attached to the substrate support; and 
a fluid delivery assembly disposed in the container to 
deliver an etchant to a peripheraf portion of a substrate 
disposed on the substrate support. Preferably, the sub- 30 
strata support comprises a vacuum chuck and the fluid 
delivery assembly comprises one or more nozzles. 
[0013] Another aspect of the invention provide a 
method for etching a substrate, comprising: rotating a 
substrate positioned on a rotatable substrate support; as 
and delivering an etchant to a peripheral portion of the 
substrate. Preferably, the substrate Is rotated at 
betvyeen about 1 00 rpm and about 1 000 rpm, and the 
etchant is delivered in a direction that is substantially 
tangent to the peripheral portion of the substrate at an 
incident angle between about 0 degrees and about 45 
degrees from a surface of sul^strate. 
[0014] Another aspect of the Invention provides an 
apparatus for removing the excess deposition at the 
edge of the wafer that is adaptable for performing a 
wafer cleaning process after the excess deposition has 
been removed from the wafer, such as a spin-rinse-dry 
process. The apparatus comprises a container; a sub- 
strate support disposed in the container; a rotation actu- 
ator attached to the substrate support; and a fluid 
delivery assembly disposed in the container to selec- 
tively deliver an etchant to a peripheral portion of a sub- 
strate disposed on the substrate support and a rinsing 
fluid, such as delonized water, to the surface of the sub- 
strate. 

[0015] So that the manner in which the above 
recited features, advantages and objects of the present 
invention are attained and can be understood in detail, 
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a more particular description of the invention, briefly 
summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the 
appended drawings. 

[0016] It is to be noted, however, that the appended 
drawings illustrate only typical embodiments of this 
invention and are therefore not to be considered limiting 
of Its scope, for the invention may admit to other equally 
effective embodiments. 

Figure 1 Is a cross sectional view of a simplified typ- 
ical fountain plater 10 incorporating contact pins. 
Figure 2 is a cross sectional view of an edge of an 
wafer 30 showing excess deposition 36 at the edge 
32 of the seed layer 34. 

Figure 3 is a side cross sectional view of an edge 
bead removal (EBB) module of the present inven- 
tion showing a substrate disposed in a processing 
position for removing excess deposition from the 
edge of the substrate! 

Figure 4 is a top schematic view of an EBR module 
illustrating one embodiment of the nozzle positions 
for edge bead removal. 

Figure 5 is a side view of a nozzle 150 disposed in 
relation to a wafer 122 being processed. 
Rgure 6 is a cross sectional view of a combined 
edge bead removal/spin-rinse-dry (EBR/SRD) 
module showing a substrate in a processing posi- 
tion vertically disposed between fluid inlets. 

[0017] Figure 3 is a side cross sectional view of an 
edge bead removal (EBR) module of the present inven- 
tion showing a substrate disposed in a processing posi- 
tion for removing excess deposition from the edge of the 
substrate. The EBR module 1 00 can be a stand-alone 
unit or disposed as a component of an electro-chemical 
deposition system or other deposition systems. The 
EBR module 100 comprises a container 102, a wafer 
holder assembly 104 and a fluid/chemical delivery 
assembly 106. The container 102 preferably includes a 
cylindrical stdewati 108, a container bottom 110 having 
a central opening 112, and an upturned inner wall 114 
extending upwardly from the peripheral edge of the cen- 
tral opening 1 12. A fluid outlet 1 16 is connected to the 
container bottom 110 to facilitate draining of the used 
fluids and chemicals from the EBR module 100. 
[0018] The wafer holder assembly 104 is disposed 
above the central opening 112 and Includes a lift 
assembly 118 and a rotation assembly 120 that extends 
through the central opening 112. The lift assembly 118 
preferably comprises a bellows-type lift or a lead-screw 
stepper motor type lift assembly, which are well known 
in the art and commercially available. The lift assembly 
118 facilitates transfer and positioning of the wafer 122 
on the wafer holder assembly 1 04 between various ver- 
tical positions. The rotation assembly 120 preferably 
comprises a rotary motor that is attached below the lift 
assembly. The rotation assembly 120 rotates the wafer 
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122 during the edge bead removal process. 
[001 9J The wafer holder assembly 104 preferably 
comprises a vacuum chuck 124 that secures a wafer 
122 from the wafer backside and does not obstruct the 
wafer edge 126. Preferabty, an annular seal 128, such 
as a compressible O-ring, is disposed at a peripheral 
portion of the vacuum chuck surface to seal the vacuum 
chuck 124 from the fluids and chemicals used during 
the edge bead removal process. The wafer holder 
assembly 104 preferably includes a wafer lift 130 that 
facilitates transfer of a wafer from a robot blade of a 
transfer robot onto the wafer holder assembly 104. The 
wafer lift 130, as shown in Rgure 3, comprises a spider 
clip assembly that also can be used to secure a wafer 
during a spin-rinse-dry process. The spider clip assem- 
bly comprises a plurality of arms 134 extending from an 
annular base 136 and a spider clip 138 plvotally dis- 
posed at the distal end of the arm 134. The annular 
base 136 includes a downwardly extending wall 137 
that overlaps the upturned inner wall 1 1 4 to contain flu- 
ids used during processing Inside the container 102. 
The spider clip 138 includes an upper surface 140 for 
receiving the wafer, a clamp portion 142 for clamping 
the wafer, and a lower portion 144 that causes the 
clamp portion 142 to engage the edge of the wafer due 
to centrifugal force when the wafer holder assembly is 
rotated. Alternatively, the wafer lift 130 comprises com- 
monly used wafer lifts in various wafer processing appa- 
ratus, such as a set of lift pins or a lift hoop disposed on 
a lift platform or lift ring in or around the vacuum chuck 
body. 

[0020] The fluid/chemical delivery assembly 106 
comprises one or more nozzles 150 disposed on one or 
more dispense arms 152. The dispense ann 152 
extends through the container sidewal! 108 and is 
attached to an actuator 154 that extends and retracts to 
vary the position of the nozzle 150 over the substrate 
122. By having an extendable dispense arm 152. the 
nozzle can be positioned over the wafer to point the 
nozzle from an interior portion of the wafer toward the 
edge of the wafer, which enhances the control over the 
delivery of the etchant/fluids to the wafer edge. Alterna- 
tively, the dispense arm 152 is fixedly attached to the 
container sldewall 10B, and the nozzle 150 is secured to 
the dispense arm in a position that does not interfere 
with vertical wafer movement in the container 1 02. 
[0021] Preferal>ly. the dispense arm 152 includes 
one or more conduits extending through the dispense 
ann for connecting the nozzle 150 to an etchant source. 
A variety of etchants are well known in the art for remov- 
ing deposited metal from a substrate, such as nitric acid 
and other acids available commercially. Alternatively, 
the nozzle 150 is connected through a flexible tubing 
156 disposed through the conduit in the dispense arm 
152. Preferably, the nozzles 150 are disposed in a 
paired arrangement at positions above and below the 
wafer to deliver fluids/chemicals to the upper edge sur- 
face and the lower edge surface of the wafer, respec- 



tively. The nozzles 150 can be selectively connected to 
one or more chemical/fluid sources, such as a deion- 
Ized water source 160 and an etchant source 162, and 
a computer control 164 switches the connection 
5 between the one or more fluid/chemfcal sources 
according to a desired program. Alternatively, a first set 
of nozzles' are connected to the deionlzed water source 
and a second set of nozzles are connected to the etch- 
ant source, and the nozzles are selectively activated to 
10 provide fluids to the wafer. 

[0022] Preferably, the nozzles 150 are disposed at 
an angled to provide fluids near a peripheral portion of 
the wafer at a substantially tangential direction. Figure 4 
is a top schematic view of an EBR module illustrating 
15 one embodiment of the nozzle positions for edge bead 
removal. As shown, three nozzles 160 are disposed 
substantially evenly spaced about an interior surface of 
the container sidewali 108. Each nozzle 150 is disposed 
to provide fluids to an edge portion of the wafer and is 
20 positioned to provide sufficient space to allow vertical 
wafer movement between a processing position and a 
transfer position. Preferably, the fluid delivery or spray 
pattern is controlled by the shape of the nozzle and the 
fluid pressure to limit fluid delivery to a selected edge 
25 exclusion range. For example, the etchant Is restricted 
to an outer 3mm annular portion of the wafer to achieve 
3mm edge exclusion. The nozzles are positioned to pro- 
vide the etchant at an angle of incidence to the surface 
of the wafer that controls splashing of the etchant as the 
30 etchant comes into contact with the wafer. Rgure 5 is a 
side view of a nozzle 150 disposed In relation to a wafer 
122 being processed. Preferably, the angle of incidence, 
oe, of the etchant to the wafer is between about 0 
degrees and about 45 degrees, more preferably 
35 between about 1 0 degrees and about 30 degrees. 

[0023] The wafer 122 is rotated during the edge 
bead removal process to provide substantially equal 
exposure to the etchant at the peripheral portion of the 
wafer. Preferably, the wafer 122 is rotated in the same 
40 direction as the direction of the etchant spray pattern to 
facilitate controlled edge bead removal. For example, as 
shown in Rgure 4, the wafer is rotated in a counter- 
clockwise direction (an^ow A) which corresponds to the 
counter-clockwise spray pattern. The wafer Is preferably 
45 rotated between about 100 rpm to about 1000 rpm, 
more preferably between about 500 rpm and about 700 
rpm. The effective etch rate {/.©., the amount of copper 
removed divided by the time required for removal) is a 
function of the etch rate of the etchant. the velocity of 
50 the etchant contacting the wafer edge, the temperature 
of the etchant, and the velocity of the wafer rotation. 
These parameters can be varied to achieve particular 
desired results. 

[0024] In operation, a wafer 122 is positioned above 
55 the wafer holder assembly 104 of the EBR module 100, 
and the wafer lift 1 30 lifts the wafer off of a transfer robot 
blade. The robot blade retracts and the wafer Rft 130 
lowers the wafer onto the vacuum chuck 124. The vac- 
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uum system is activated to secure the wafer 1 22 ther- 
eon, and the wafer holder assembly 104 with the wafer 
disposed thereon Is rotated as the nozzles 150 deliver 
the etchant onto the peripheral portion of the wafer 122. 
The etching process is performed for a pre-detemiined 
time period sufficient to remove the excess deposition 
on the wafer edge {i.e., edge bead). The wafer is prefer- 
ably cleaned utilizing deionized water in a spin-rinse-dry 
process. The spin-rinse-dry process typically involves 
delivering deionized water to the wafer to rinse residual 
etchant from the wafer and spining the wafer at a high 
speed to dry the wafer. The wafer is then transferred out 
of the EBR module 100 after the edge bead removal 
process and the spin-rinse-dry process, and the wafer is 
ready for other processes, such as a thermal anneal 
treatment and other wafer processing. 
[0025] Figure 6 Is a cross sectional view of a com- 
bined edge bead removal/spin-rinse-dry (EBR/SRD) 
module showing a substrate in a processing position 
vertically disposed between fluid inlets. This embodi- 
ment of the invention is useful for both edge bead 
removal (EBR) and spin-rlnse-dry (SRD) processes. 
The components of the EBR/SRD module 200 are sim- 
ilar to the components of the EBR module 100 
described above, and the same components are indi- 
cated by the same numbers. In addition to the compo- 
nents of the EBR module 100, the EBR/SRD module 
200 comprises an additional set of lower nozzles 170 
disposed at a position below the wafer, preferably verti- 
cally aligned correspondingly to the positions of nozzles 
1 50. The lower nozzles 1 70 are selectively connected to 
a deionized water source 160 and en etchant source 
162, and the fluid delivered by the nozzles 170 is con- 
trolled by the controller 164. Preferably, the nozzles 170 
are directed to deliver fluids to a peripheral portion of 
the backside of the wafer. The lower nozzles 170 are 
preferably disposed at positions that do not interfere 
with the movement of the wafer lift 130. The lower noz- 
zle 1 70 can also be attached to an actuator 1 74 through 
an arm 176 that retracts and extends to position the 
nozzles 170 at desired locations. Alternatively, the wafer 
lift 130 Is not rotated during processing to prevent inter- 
ference with the lower nozzles 1 70. The EBR/SRD mod- 
ule 200 preferably also include a dedicated deionized 
water nozzle 1 72 disposed to deliver deionized water to 
a central portion of the upper surface of the wafer 
[0026] In operation, the nozzles 150 and 170 
deliver an etchant to the peripheral portion of the wafer, 
including the upper and lower surfaces of the wafer, to 
perform an edge bead removal process. Preferably, the 
deionized water nozzle 172 delivers deionized water to 
the central portion of the wafer during the edge bead 
removal process to prevent unintended etching by the 
etchant that has splashed onto a central portion of the 
wafer surface. For a spln-rinse-dry process, preferably 
all of the nozzles 160, 170 and 172 delivers deionized 
water to rinse the wafer as the wafer rotates. After the 
wafer has been rinsed, the wafer is spun dry and trans- 



ferred out of the EBR/SRD module 200 for further 
processing. 

[0027] While the foregoing is directed to the pre- 
ferred embodiment of the present invention, other and 
5 further embodiments of the invention may be devised 
without departing from the basic scope thereof, and the 
scope thereof is determined by the claims that follow. 

Claims 

TO 

1. An apparatus for etching a substrate, comprising: 

a container; 

a substrate support disposed in the container; 
IS a rotation actuator attached to the substrate 

support, and 

a fluid delivery assembly disposed in the con- 
tainer to deliver an etchant to a peripheral por- 
tion of a substrate disposed on the substrate 
20 support 

2. An apparatus as claimed in claim 1, wherein the 
substrate support comprises a vacuum chuck. 

25 3. An apparatus as claimed in claim 1 or claim 2, 
wherein the fluid delivery assembly comprises one 
or more nozzles. 

4. An apparatus as claimed in any of claims 1 to 3, 
30 wherein the fluid delivery system comprises one or 

more vertrcatly aligned pairs of nozzles. 

5. An apparatus as claimed in any of claims 1 to 4, 
wherein the fluid delivery system is selectively con- 

35 nected between an etchant source and a deionized 
water source. 

6. An apparatus as claimed In any of claims 1 to 5. 
wherein the fluid delivery system comprises a first 

40 plurality of nozzles connectable to an etchant 
source and a second plurality of nozzles connecta- 
ble to a deionized water source. 

7. An apparatus as claimed In any of claims 1 to 6 fur- » 
45 ther comp risl n g: 

a deionized water nozzle disposed in the con- 
tainer to deliver deionized water to a central 
portion of the substrate. 

so 

8. An apparatus as claimed in any of claims 1 to 6 fur- 
ther comprising: 

a substrate lift assembly disposed in the con- 
55 tainer. 

9. An apparatus as claimed in claim 8, wherein the 
substrate lift assembly comprises a plurality of arms 
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extending radially from a lift platform. 

10. An apparatus as claimed in claim 8. wherein the 
substrate lift assenrjbly comprises a plurality of arms 
extending radially from a lift platfomn and a plurality 5 
of clips disposed at distal ends of the arms. 

11- A method of etching a substrate, comprising: 

rotating a substrate positioned on a rotatable w 
substrate support; and 

delivering an etchant to a peripheral portion of 
the substrate. 

12. A method as claimed in claim 11. wherein the sub- i5 
strate Is rotated at between about 100 rpm and 
about 1000 rpm. 

13. A method as claimed in claim 11 or claim 12, 
wherein the etchant is delivered in a direction that is 20 
substantially tangent to the peripheral portion of the 
substrate. 

14. A method as claimed in any of claims 11 to 13, 
wherein the etchant is delivered at an incident 25 
angle between about 0 degrees and about 45 
degrees from a surface of substrate. 

15. A method as claimed in any of claims 11 to 14. 
wherein the etchant is delivered to a front side and 30 
a back side of the substrate. 

16. A method as claimed in any of claims 11 to 15, 
defivering a rinsing agent to the substrate after 
etching. 35 

17. A method as claimed in claim 16 further compris- 
ing, spin drying the substrate. 

1 8. A method as claimed In any of claims 11 to 1 7 com- 40 
prising, defivering deionized water to a central por- 
tion of the substrate. 
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